began, uncharacteristically, to move up the slopes.
On barren sites, soil pH ranged from 2.0 to 4.5, while copper and nickel levels frequently reached 1,000 µg g -1 . Root growth was so inhibited that seedlings quickly dried out and died. Bioassay experiments showed that barren soils could be detoxified by addition of ground limestone. Field trials showed that a grass-legume cover could be achieved on the stony slopes by the manual application of ground dolomitic limestone, fertilizer and a seed mixture. The stones acted as a mulch, trapping the seeds and cutting down moisture loss. The surface application of limestone was sufficient to "promote" colonization by woody plants, even in the absence of fertilizer and seed (Winterhalder 1985 Lautenbach (1985 Lautenbach ( ,1987 Lautenbach ( , 1988 
Philosophy governing tree planting
Before tree plan ting could be successful on a large scale, a herbaceous cover together with proper soil treatment was necessary. The grass-legume mixture must not be too dense so that it chokes the woody species. Nor must the herbaceous cover be sufficient to support a large population of small mammals that may damage the small trees.
The grass legume mixture provides a mulch and, before the trees are fully established, acts as a nutrient reservoir. However, the nutrients must become available to the trees to avoid permanent stunting. The 10 -30% herbaceous cover achieved in the programme appears suitable for adequate tree growth.
The presence of legumes should be of longterm benefit to the trees as a source of However, the monocultural problems and the visual appearance of uniform stands of these colonizers is not very appealing.
By directly introducing trees into the grassed areas, total diversity could be quickly increased and a large number of niches can be available for other components of the ecosystem. In addition, one of the aims of the programme is the partial restoration of 310 the mixed forest that was characteristic of Sudbury one hundred years ago. Once established, the introduced trees should act as a local source of seeds.
Mature trees in the landscape are much more intruding than a herbaceous cover. Thus it has been the intention of the Programme to create semi-natural, attractive, diverse and stable bio-ecosystems. Hence, the use of extensive "plantation" planting and very high stocking rates is opposed. Before planting, evaluating the site aids rn the determination of a harmonious grouping of trees with the landscape, helps create openings in the arrangement, maintains sight lines, and makes the landscape appealing upon maturation of the trees. This aim is helped by the rocky terrain with small and large pockets of soil that make it difficult to completely cover the terrain with trees. Pines and spruces have been extensively used to provide year-round greenery (Beckett 1988) Since one of the aims is to recreate, at least partially, the appearance of the original forest cover, the use of exotics is minimized. Black Locust has, however, been used because of its ability to fix nitrogen and to withstand windy locations. It is often mixed with pines or Red Oak to act as a nurse tree. For autumn colour, European and Japanese Larch has been used in well-drained localities. There is evidence that the native Tamarack (Larix larcina) will grow satisfactory in these locations and creating trials with this species are in progress.
Materials and Methods

The
Regional Land Reclamation Program -the Process
The major activities of the programme are summarized in Table 1 . a) Establishment of Grass Cover. Depending on the soil pH and colloid content, between 4.5 and 11 t ha-I of ground limestone were applied.
The limestone was allowed to react with the soil for a few weeks before the addition of a N-P-K fertilizer having a high P:N ratio ( Apart from some early test plots, seedlings are not planted in rows, but m groups that conform with topography and appear relatively natural. It 1s hoped that these trees will form a seedsource for later spread, as has began to occur in the ten year old Jack Pine stands.
Tree Planting Subcommitee of VETAC is responsible for the selection of planting sites and tree allocation.
Although a proposed tree planting plan has been drawn up (Regional Municipality of Sudbury, 1986) each site is visually inspected by the Sub- In total, fifteen species have been used: ten conifer species and seven hardwood species (see Table 2 ). The majority of the stock has been bareroot, obtained through the Ontario Ministry of Natural Resources' tree nurseries.
Trees (1985 1989) . The monitoring has been assisted through the use of students and their help is much appreciated.
Results and Discussion
Tree monitoring and assessment a) Tree Survival Figure 1 reports the mean survival of the major tree species three years after planting.
In general, the pines show the best survival rates.
Black Locust is planted on difficult sites but showed good survival rates.
The more sensitive hardwoods, maples and ash, are used in a few restricted sites with the most favourable conditions, but their survival is poor. The generally shallow and dry soils of the reclaimed lands are best suited to pines and this is reflected in their best overall survival rates.
The high survival of Red and Jack Pine has led to the extensive use of these two species (see Table 2 ). The development of monocultures of these 2 species is not ideal and efforts are made to diversify the mixture of trees planted with or near the pines. Despite the low tolerance of White Pine to pollution stress, Fig. 1 . Percentage Survival Rate of Major Tree Species after 3 Years.
(Legend for species is in Table 2 .) Species especially sulphur dioxide, the species has a respectable survival rate. White Cedar has a low rate of survival. In part this is due to its planting in wetland sites that are not always limed.
On slopes where the reclamation treatment has been applied, the survival rate of cedar increases dramatically.
b. Tree Growth. The annual growth rates for a selection of the major species are reported in Figure 2 . Jack Pine and Red Pine are the fastest growing conifers The growth of Black Locust in the Sudbury area is reduced each year by hard winter frosts killing the youngest extension growth
The experimental sites of Red and Jack Pine set up in 1979 have allowed growth patterns to be followed over the longer term.
The cumulative growth of these species on reclaimed sites is compared to control sites (see Fig. 3 and Fig. 4) ,. 
2.
The use of White Pine, despite its alleged sensitivity to sulphur dioxide, has allowed some diversity in the use of pines.
Survival of White Pine indicates that pollution control measures in the Sudbury area have been beneficial.
3.
The majority of the stock planted has been bare root. This has restricted the length of the planting season. Paper pot stock could be used with advantage to extend the planting period.
4.
Other species of tree and shrubs have potential use in the Sudbury Programme.
The present source of trees has been Ontario Ministry of Natural Resources' nurseries and thus only a restricted list of species is available. In addition, the plant materials may not have originated from NE Ontario.
Other species of local origin could increase the diversity and be more characteristic of the original forest ecosystem of Sudbury. A programme to collect and grow material of local origin is in progress.
5.
With respect to landscape creation, there has been an emphasis on making use of the natural topography.
The microenvironmental pattern has 318 imposed its mark upon the resulting vegetative cover. Grasses and other plants vary, with respect both to species and to density, in response to differences in soil depth, soil moisture and the shelter factor. The seeds of colonizing woody plants have been deposited and have germinated in a non-random fashion, presumably dependant on topographical factors such as soil moisture, aspect and turbulent windflow.
Overall, the spatial heterogeneity of the vegetation, overlaid on the already diverse topography, has given rise to an attractive and naturalappearing landscape.
Superimposed on the topographic-vegetational pattern is one created by tree-planting. Apart from early trials, the plantation effect has been avoided, and trees are planted in groupings that conform to the topography. An extra dimension is added by the response of the trees themselves.
Where evenaged tree seedlings are planted, the microenvironmental pattern is reflected in the varied stature and vigour of their growth, helping to blend them into the landscape.
6.
At present the major land use of the reclaimed areas is recreation habitat. To rural and futher passive, wildlife wildlife enhancement, several species of shrubs have been planted in and around areas with introduced trees. If the feasibility of growing shrubs from locally collected seed is economical, it is anticipated that more use of shrubs and other species useful for wildlife will be utilized.
7.
The reclamation effort in Sudbury has played a role in improving the national image of Sudbury and has helped in economic diversification in the region. The less bleak landscape is contributing to the concept that Sudbury can be a "healthy place" for "healthy people".
